Abstract. Two trials were conducted to investigate the effects of a simple superovulation method using a single injection of porcine follicle-stimulating hormone (pFSH) combined with equine chorionic gonadotropin (eCG) on ovarian responses and embryo qualities in Suffolk ewes during the breeding season. The ewes were treated with a vaginal sponge containing synthetic progestative steroid (P sponge) for 12 days in both trials. In Trial 1 (conducted in 1995), 18 ewes received a single injection (F1) or multiple injections (F6) of a total of 20 mg pFSH, and in combination with an injection of 500 IU eCG (F1+P, F6+P). The injections were conducted on Day 2 (Day 0, was the day of P sponge removal). In trial 2 (conducted in 1996), 24 ewes were given single injections of pFSH and eCG at different times: (i) both hormones on Day 2 (F-2/P-2), (ii) pFSH on Day 2 and eCG on Day 1 (F-2/P-1), and (iii) both hormones on Day 1 (F-1/P-1). One hundred micrograms of an analogue of gonadotropin-releasing hormone (GnRH) was administered on Day 1 in Trial 1 and at the detection of estrus in Trial 2. Frozen-thawed semen was inseminated in utero using a laparoscope at 30 h and 38 h after P sponge removal in Trial 1 and at 18 h after the detection of estrus in Trial 2. Embryos were recovered on Day 7 or Day 8. In Trial 1, the mean number of ovulations and the rate of normal embryos were 6.8, 16.7% for F1, 15.0, 36.0% for F1+P, 15.5, 27.0% for F6 and 20.3, 44.2% for F6+P. The F1+P group showed the results comparable to those of F6 and F6+P. In Trial 2, the mean number of ovulations were 17.8 for F-2/P-1, 13.1 for F-2/P-2 and 12.4 for F-1/P-1. The rate of normal embryos in F-2/P-1 (63.0%) was significantly higher than in F-2/P-2 (41.1%, P<0.05) and tended to be higher than in F-1/P-1 (43.6%, P=0.050). The rate of freezable embryos in F-2/P-1 (56.2%) tended to be higher than in F-2/P-2 (39.3%, P=0.057) and in F-1/P-1 (38.5%, P=0.076). It is concluded that the simple superovulation method of a single injection of 20 mg pFSH combined with 500 IU eCG was as effective as multiple injctions of pFSH, and in combined with eCG on superovulation of Suffolk ewes during the breeding season. Administration of pFSH on Day 2 and eCG on Day 1 was most efficient to induce superovulation in Suffolk ewes.
n a previous report [1] , the endocrine profiles in the ewes treated with a single injection of a high dose (20 mg) of pFSH combined with a low dose (500 IU) of eCG were compared with those in ewes treated with a single injection of pFSH and those in ewes treated with multiple injections of pFSH, and in combination with eCG. The E 2 pro-I files in the single injection of pFSH combined with eCG were almost the same as those in the multiple injections of pFSH, and in combination with eCG [1] . The results suggested that eCG which has a long half-life [2] and more LH-like actvity [3] , might have helped to increase the number of growing follicles, to prevent atresia of follicles [4] , and to increase the production of androgen, a precursor of E 2 , in theca interna cells [5] . The E 2 profiles, which reflected the recruitment, growth and development of follicles [6] , observed after the single injection of a high dose of pFSH combined with a low dose of eCG, represented that this treatment may be as effective as multiple injections of pFSH combined with eCG. Evans et al. [7] and Yamada et al. [8] showed that the single injection of pFSH combined with a low dose of eCG could provide improved ovarian responses and embryo qualities (i.e., number of recovered eggs, number of fertilized eggs, and number of normal embryos) equal to those obtained by multiple injections of pFSH combined with eCG, which is a commonly used method for superovulation of ewes.
The biphasic E 2 elevation occurred before and after P sponge removal in ewes injected pFSH on Day 2 and eCG on Day 1, while only one E 2 peak was found after P sponge removal in ewes injected both hormones simultaneously on Day 2 or Day 1 [1] . The results suggested that the simultaneous injection of pFSH and eCG could have reduced the E 2 elevation and the recruitment, growth and development of ovulatory follicles before P sponge removal. Highly elevated E 2 levels before P sponge removal in ewes injected pFSH on Day 2 and eCG on Day 1 might have had a deleterious effect on oocyte development and fertilizability due to the exposure to high intrafollicular E 2 levels for a prolonged period [2] .
In this report, we evaluated the single or multiple injections of pFSH, and in combination with eCG, as well as three different times of these hormones with special reference to the ovarian responses and the embryos qualities in Suffolk ewes during the breeding season.
Materials and Methods

Animals, treatments and artificial insemination
Animals, treatments, artificial insemination were conducted as described in the previous report [1] .
In brief, Trial 1 was conducted from September to November in 1995 using 18 parous Suffolk ewes of 2 to 6 years old. Twenty-four non-parous Suffolk ewes aged 2 to 3 years old were used in Trial 2 from October to December in 1996. The estrous cycle was synchronized by the insertion of intravaginal sponge containing synthetic progestative steorid (P sponge) for 12 days. In Trial 1, four groups of ewes were prepared, F1: a single i.m. injection of 20 mg pFSH (Antorin: Teikokuzouki Co., Japan) on Day 2 (Day 0=P sponge removal), F6: 20 mg pFSH were injected i.m. in multiple manner with decreasing doses over Day 2 to Day 0, F1+P: F1 treatment combined with i.m. injection of 500 IU eCG on Day 2, and F6+P: F6 treatment combined with i.m. injection of 500 IU eCG on Day 2. In Trial 2, three groups of ewes were prepared, F-2/P-2: single injections of 20 mg pFSH and 500 IU eCG were injected simultaneously on Day 2, F-2/P-1: pFSH on Day 2 and eCG on Day 1, and F-1/P-1: both pFSH and eCG on Day 1. The estrous behavior was monitored and 100 µg GnRH analogue was injected on Day 1 in Trial 1 and at the time of estrus in Trial 2. All ewes were insemianted with frozen-thawed semen after the detection of estrus.
Embryo recovery
Ova were recovered on Day 7 or Day 8 in Trial 1 and on Day 8 in Trial 2 by mid-ventral laparotomy under anesthesia with 2% xyladine. The number of ovulations was estimated from the number of normal corpora lutea observed in ovaries. The number of follicles larger than 5 mm in diameter was counted on the surface of ovaries. The mean numbers of ovulations and follicles were calculated by dividing the total numbers of ovulations and follicles by the number of ewes in each treatment. The uterine horns were flushed from the point of uterine horn toward uterine body with Embryotech, commercially obtained flushing solution (Nippon-Zenyaku Kogyo Ltd, Japan) supplemented with 1 mM glutamine, 1 ml/100 ml non-essential amino acids and 2 ml/100 ml essential amino acids (Sigma, USA) according to the method of Tervit et al. [9] in Trial 1, and with Embryotech alone in Trial 2. The ova were stored in phosphate-buffered saline (PBS) supplemented with 0.3% bovine serum albumin (BSA) or Embryotech in Trial 1, and in a synthetic oviduct fluid (SOF: 107.70 mM NaCl, 7.16 mM KCl, 1.19 mM KH 2 PO 4 , 1.71 mM CaCl 2 , 0.49 mM MgCl 2 25.07 mM NaHCO 3 , 3.30 mM Na lactate, 0.33 mM Na pyruvate, 1.50 mM glucose) supplemented with 0.3% BSA in Trial 2. They were examined under a dissecting microscope morphologically. The recovered ova were counted, and were characterized as fertilized eggs, normal embryos and freezable embryos. Eggs with blastomere were defined as fertilized eggs. Fertilized eggs growing to stages appropriate for day 6 (>8 cells) and day 7 (>32 cells) from estrus without extreme degeneration were defined as normal embryos. Freezable embryos were selected from normal embryos in the morula-expanded blastocyst stage with degeneration not more than 50%. The rate of recovered eggs was calculated by dividing the number of recovered eggs by the number of ovulations estimated by the number of new corpora lutea. The rates of fertilized eggs, normal embryos and freezable embryos were calculated by dividing each number of eggs by the number of recovered eggs.
Statistical analysis
The rates of recovered eggs, fertilized eggs, normal embryos and freezable embryos were analyzed according to the categorical data modeling (CAD-MOD) procedure of the statistical analysis system (SAS). A chi-square test for independence was used for comparing the data of Trial 1 with those of Trial 2.
Results
The effects of single or multiple injections of a total dose of 20 mg pFSH, and in combination with a injection of 500 IU eCG (Trial 1)
All the ewes in F6 and F6+P ovulated, while 25% of ewes (1/4) in F1 and 50% (3/6) in F1+P did not have normal corpora lutea ( Table 1 ). The number of ovulation were largely variable (2-20) in F1. In F1+P, F6 and F6+P, the number of ovulations (5-37) significantly increased and were considered as superovulation (>3). Though no sign of estrus was observed in the ewes of F1 during the observation of period, three out of four ewes ovulated. The estrus in F6+P was detected earlier than that in F1+P and F6 (P<0.01, Table 1 ). The mean number of ovulations in F1 was the lowest of all, and F1+P induced a superovulation comparable to those of F6 and F6+P (Table 1) .
The rate of recovered eggs in F1 was significantly lower than those in the other groups (P<0.01, Table 2 ). The use of multiple pFSH injections or the addition of 500 IU eCG treatment increased the rate of recovered eggs (P<0.01), and additive effects were observed between the multiple pFSH injection and 500 IU eCG (P<0.05). The rate of fertilized eggs in F1+P was signifcantly greater than those in the other groups (P<0.05, Table 2 ). Addition of eCG treatment significantly increased the rate of fertilized eggs (P<0.05), and a positive-interaction (P<0.05) was demonstrated between the use of multiple pFSH injections and the addition of 500 IU eCG treatment. The rate of normal embryos tended to be higher in the groups receiving the eCG injection ( Table 2 ). The total score of embryo quality in F1+P evaluated from the rate of recovered eggs, fertilized eggs and normal embryos were comparable to those of F6 and F6+P ( Table 2 ).
The effects of timings to inject 20 mg pFSH and 500 IU eCG (Trial 2)
44.4% (4/9) of ewes in F-2/P-2, 14.2% (1/7) of ewes in F-2/P-1 and 25.0% (2/8) in F-1/P-1 did not have normal corpus luteum (Table 3) . F-2/P-1 showed estrus earlier than F-1/P-1 (P<0.05, Table  3 ). The mean number of ovulations in F-2/P-1 tended to be higher than those in F-2/P-2 and F-1/P-1 ( Table 3) .
The rate of recovered eggs in F-2/P-1 was higher than that of F-2/P-2, and was significantly higher than that of F-1/P-1 (P<0.05, Table 4 ). The rates of fertilized eggs of F-2/P-1 and F-1/P-1 were significantly higher than that of F-2/P-2 (P<0.05, Table  4 ). Furthermore, the rate of normal embryos of F-2/P-1 was significantly higher than that of F-2/ P-2 (P<0.05) and was higher than that of F-1/P-1 (P=0.050, Table 4 ). The ratio of freezable embryos in F-2/P-1 was slightly higher than those of F-2/P-2 (P=0.059) and F-1/P-1 (P=0.076, Table 4 ). a, b) Values with different superscripts are significantly different (P<0.01).* F-2/P-2, both hormones given on Day 2; F-2/P-1, pFSH given on Day 2 and eCG given on Day 1; F-1/P-1, both hormones given on Day 1. Table 3 .
Ewes of F-2/P-1 had fewer unfertilized eggs, and the fewest delayed embryos, and the greatest yield of blastocyst among the three groups, while F-2/ P-2 had more unfertilized eggs than other two groups, and F-1/P-1 had more embryos that were delayed or that had stopped growing than other two groups (Table 5 ). The results of F-2/P-2 was comparable with the results of F1+P, and there were no significant differences in the ovulatory responses, the rate of recovered eggs and the rate of normal embryos between them, except that the rate of fertilization in F1+P was significantly higher than that of F-2/P-2.
Discussion
A simple superovulation with the single injection of pFSH combined with a low dose of eCG on Day 2 induced the same ovulatory responses and quality of embryos as the multiple injections of pFSH, and in combination with eCG. Further improvement in oocyte quality was observed when pFSH was injected on Day 2 and eCG on Day 1.
The ewes receiving the single injection of only pFSH showed the worst ovarian responses and embryo qualities. The E 2 profiles after the single injection of only pFSH were quiet different from treatment for superovulation [1] . Single injection of 20 mg pFSH may not be sufficient for reproducible and high efficient superovulation.
In contrast, the single injection of pFSH combined with eCG showed the comparable results to both of multiple injections of pFSH and in combination with eCG with respect to the ovarian responses and to the qualities of the embryos. In present study, the rate of fertilization was significantly higher in the single injection of pFSH combined with eCG than that in other groups, whereas no significant difference was found between a single injection of pFSH combined with eCG and multiple injections with regard to fertilizing rate in other reports [7, 8] . The greater number of fertilized eggs in ewes receiving the single injection of pFSH combined with eCG could be due to appropriate timing of insemination in this group. Double insemination into the uterus with frozen-thawed semen together with the precise estimation of ovulation time could give a high fertilization rate.
Although the single injection of pFSH combined with eCG gave an excellent fertilization rate of 80.0%, the rate of normal embryos was only 36.0% and was equal to that obtained with the multiple injections of pFSH, and in combination with eCG. This high loss of embryos was mainly due to an increase in the number of growth delayed and growth stopped embryos (data not shown). Based on the endocrine profiles in the previous report [1] , the simultaneous injection of 20 mg pFSH and 500 IU eCG might be an overdose for Suffolk ewes, non-prolific breed, and then cause inadequate stimulation of oocytes [3] , and deteriorative effects on their development.
The injections of pFSH on Day 2 and eCG on Day 1 tended to have a higher nubmer of ovulations than the simultaneous inejctions of both hormones on Day 2 or Day 1, and had better embryo qualities. These results coincided with the endocrine profiles of elevate levels of E 2 [1] , from which it could be assumed that more follicles developed by the injections of pFSH on Day 2 and eCG on Day 1. The highly elevated E 2 before P sponge removal did not cause a deterioration of embryo qualities.
Increase in the number of embryos showing either delayed growth or stopped growth accounted for decreasing the rate of normal embryos in the ewes receiving both hormones on Day 1. The injection of both hormones on Day 1 might expose the follicles in the early growth period to gonadotropins induced by decreasing progesterone after P sponge removal [10] , and then cause premature growing of oocytes [5] . Early luteinization of follicles by a high dose of pFSH [11] would have a deleterious effect on the embryo qualities. Table 3 .
The decrease of fertilized eggs accounted for the decrease in the number of normal embryos in ewes receiving both hormones on Day 2. This result of the F-2/P-2 group contrasted with the results of the F1+P group which had the high fertilized eggs (80.0%). The high fertilization rate in F1+P may due to the different insemination method (F-2/P-2; 18 h after estrus detection vs F1+P; twice fixed times insemination). However, the insemination after detection of estrus should give a good fertilization rate. The simultaneous injections of these hormones on Day 2 might cause an early maturation of eggs and premature ovulation [11] resulting in the low fertilization rate in the F-2/P-2 group of non-parous ewes.
Separate injection protocol, i.e. pFSH on Day 2 and eCG Day 1, resulted in fewer unfertilized eggs, fewer delayed embryos, and a greater yield of blastocysts in the ewes. As discussed in the previous report [1] , a high dose of pFSH injected on Day 2 might increae the recruitment and growth of preovulatory follicles, and a low dose injection of eCG on Day 1 might prolong stimulation of follicles due to long half-life of eCG [2] and further promote follicle development and maturation by its rather strong LH-like activity [3] .
The premature corpus luteum regression may be one of the major problems of embryo loss in superovulation in ewes [12, 13] . It seemed that this occurs frequently in the ewes by simple superovulation method, for example, a simultaneous inejction of pFSH and eCG on Day 2. About half of the ewes treated on Day 2 in both Trial 1 (F1+P group) and Trial 2 (F-2/P-2 group) suffered premature regression of corpus luteum. Further investigation on premature corpus luteum regression using a large number of ewes are needed to confirm the effects of simultaneous injections on Day 2. The simultaneous adminsitration of 20 mg pFSH and 500 IU eCG on Day 2 might cause abnormal follicular growth and maturation as well as premature corpus luteum regression in Suffolk ewes, non-prolific breed. Further consideration of the doses given in this study may be needed.
In conclusion, we could obtain good ovulatory responses, a high rate of embryo recovery and good quality of embryos from the single injection of pFSH combined with eCG on Day 2 that were comparable with the multiple pFSH injection method plus eCG which is a commonly used superovulation method for ewes. Furthermore, we can conclude that significant further improvement in the ovarian responses and in the qualities of embryos could be expected by administering 20 mg pFSH on Day 2 and 500 IU eCG on Day 1, and this rather simple superovulation method could be applied for superovulation of ewes during the breeding season.
